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[57] ABSTRACT

A complementary Silicon-On-Insulator (SOI) Lateral
Insulated Gate Rectifier (LIGR) is fabricated in a
monocrystalline silicon layer provided on a major sur-
face of a substantially insulating substrate. The mono-
crystalline silicon layer includes a number of adjacent,
doped coplanar layer portions, with the complementary
SOI LIGR device being formed of adjacent, contacting
layer portions forming two complementary LIGR ele-
ments with a common source region. The common
source region, as well as both of the drain regions of the
device, are composed of regions of both the first and
second conductivity types. In this manner, a simple,
easily fabricated, balanced, high performance comple-
mentary LIGR structure is obtained in which undesired
substrate currents are substantially eliminated.

3 Claims, 1 Drawing Sheet
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COMPLEMENTARY SILICON-ON-INSULATOR
LATERAL INSULATED GATE RECTIFIERS

This is a continuation-in-part of application Ser. No.
945,417, filed Dec. 22, 1986, now abandoned.

BACKGROUND OF THE INVENTION

The invention is in the field of Silicon-On-Insulator
(SOI) devices, and relates specifically to complemen-
tary lateral insulated gate rectifiers for use in power
circuit applications such as the electronic control of
discharge lamps.

Known power control circuits frequently use a half-
bridge configuration, with two identical switching tran-
sistors connected in series, with the source of one tran-
sistor connected to the drain of another to form a com-
mon output terminal. This type of configuration is typi-
cally used for integrated power circuits, because the
required voltage rating of the transistors is lowest. Nev-
ertheless, there are certain disadvantages to this config-
uration. For example, one transistor operates as a source
follower, with an inherently higher “on” resistance than
a common-source configuration and lower breakdown
voltage to substrate when using standard constructions.
While these disadvantages may be overcome, for exam-
ple by using the source follower structure shown in
U.S. patent application Ser. No. 7 66,665, the resulting
structure will be more complex and difficult to fabri-
cate. |
Another solution, typically used for discrete compo-
nent circuits, uses complementary MOS FET devices in
a common-drain configuration. However, such a con-
figuration is not practical in an integrated configuration,
because of fabrication difficulties and because the two
devices, if integrated, would have substantially different
“on’’ resistances, thus resulting in an unbalanced output
waveform. |

These disadvantages are overcome, in accordance
with the invention contained in my co-pending U.S.
patent application Ser. No. 945,470, entitled COMPLE-
MENTARY LATERAL INSULATED GATE REC-
TIFIERS and incorporated herein by reference. That
application discloses a complementary MOS Lateral
Insulated Gate Rectifier (LIGR) configuration which is
suitable for use in power circuit configurations, which
can be easily and inexpensively integrated, and which
has two complementary switching devices with compa-
rable “on’ resistances.

Nevertheless, it would be desirable to obtain an
LIGR construction having a simpler structural configu-
ration, and in which substrate currents which could
affect switching characteristics and control functions in
a power IC device are substantially eliminated.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
provide a complementary device suitable for use in

power circuit applications, such as those requiring a 60

half-bridge configuration, without the need for a source
follower circuit.
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Further objects of the invention are to provide a

complementary device suitable for power circuit appli-
cations having a simplified structure which can be easily
and inexpensively integrated, while at the same time
having two complementary switching devices with
comparable “on” resistances.
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Yet another object of the invention is to provide a
complementary device in which substrate currents,
which could affect switching characteristics or the op-
eration of the control circuiting in power IC applica-
tions, are substantially eliminated.

In accordance with the invention, these objections
are achieved by a unique complementary SOI Lateral
Insulated Gate Rectifier (LIGR) configuration. The
LIGR is a relatively new type of device which has been
found suitable for high-power switching applications.
Several configurations for individual LIGR devices are
shown, for example, in European Patent Application
No. 83112186.8 (corresponding to U.S. Ser. No.
449,321). As can be seen in that reference, the configu-
ration of an individual LIGR is quite similar to that of a
lateral MOS transistor, and the problems associated
with integrating two such devices into a complemen-
tary integrated circuit structure are similar to those
described above. | |

These problems have been substantially overcome by
a unique integrated complementary LIGR structure in
accordance with the invention described in my afore-
mentioned application. In that structure, a semiconduc-
tor substrate of a first conductivity type is provided
with first and second adjacent surface-adjoining semi-
conductor wells of a second, opposite conductivity
type, with a portion of the substrate separating the two
adjacent wells. Complementary LIGR elements are
then fabricated in the two adjacent wells, with junction
isolation to the substrate being provided by p-n junc-
tions formed between the semiconductor wells and the
semiconductor substrate, which is of opposite conduc-
tivity type to that of the wells. Such a device yields a
structure which is both simpler and more easily fabri-
cated than prior-art structures of comparable perfor-

mance, but further simplification, as well as improved

device-substrate isolation to limit substrate currents,
would be desirable.

These further improvements are achieved by a
unique integrated complementary SOI LIGR structure
in accordance with the present invention. In this struc-
ture, a substantially insulating substrate having a major
surface is provided with a monocrystalline silicon layer
on the major surface. The monocrystalline silicon layer
includes a number of adjacent, doped coplanar layer
portions. A complementary SOI LIGR structure 1S
achieved by adjacent, contacting layer portions, which
form two complementary LIGR elements having a
common source region. In accordance with the inven-
tion, the common source region, as well as both of the
drain regions of the device, are composed of regions of
both the first and second conductivity types. In this
manner, a simple, easily fabricated, balanced, high per-
formance complementary LIGR structure is obtained.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a cross-sectional view of an SOI LIGR in
accordance with the invention; and

FIGS. 2, 3 and 4 are plan views of portions of the
device of FIG. 1 taken along the section lines II—II,
II-—III and IV—IV, respectively, in FIG. 1.

In the drawing, semiconductor layers and regions of
like conductivity type are generally hatched in the same
direction. Thus, p-type regions are hatched from lower
left to upper right, while n-type regions are hatched
from upper left to lower right. Furthermore, it should
be noted that the figures are not drawn to scale, and
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that, in particular, dimensions in the vertical direction
have been exaggerated for improved clarity.

DESCRIPTION OF THE PREFERRED
EMBODIMENT )

FI1G. 1 of the drawing shows a complementary Sili-
con-On-Insulator (SOI) Lateral Insulated Gate Recti-

fier (LIGR) device suitable for use in power circuit
applications, particularly those in which it is desired o
substantially eliminate substrate currents. In FIG. 1, an

SOI LIGR device 1 has a substantially insulating sub-
strate 10 with a major surface 11. The substrate material
may be selected from a number of suitable insulating
materials, such as oxidized silicon, quartz, or the like, as
will be apparent to those of ordinary skill in the art. A
monocrystalline silicon layer 12 is provided on major
surface 11 of the insulating substrate, and a number of
adjacent, coplanar, doped layer portions are formed in
layer 12. These adjacent layer portions form the active
regions of the LIGR device, as will be described in
further detail hereinafter. Silicon layer 12 may be pro-
vided by any one of a number of well-known fabrication
techniques, including laser/lamp recrystallization of
silicon and bond/etch-back, whereby two oxidized sili-
con wafers are bonded in an oxidizing ambient and one
of the wafers is subsequently thinned to the appropriate
dimensions.
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The monocrysialline silicon layer 12 may vary

greatly in thickness, from less than about 1000 ang-
stroms up to several microns, depending upon the pa-
rameters required for the specific design contemplated,
and is initially of substantially undoped material prior to
the formation of the doped layer portions. It is a particu-
lar advantage of the SOI technology that various pa-
rameters, such as layer thickness, can be selected over a

30

35

~ wide range, thus making the basic siructure suitable for -

a wide range of-applications. A typical layer thickness

for layer 12 would be about 1 micron.
Monocrystalline silicon layer 12 includes a first layer
portion 13, which has regions of both a first (p) and a
second, opposite (n) conductivity type, which together
form a first drain region of the LIGR device. The struc-
ture of the first drain region will be described in greater
detail below, in connection with the description of FIG.
2. The doping level of both the p-type and n-type re-

gions of the first layer portion is on the order of 1018
atoms/cm3.

40

45

A second layer portion 14 of the first conductivity

type (here p-type) is provided in contact with the re-
gions of the first layer portion, and forms a first drift
regton of the LIGR device. The doping level of the
p-type material of layer portion 14 is about 1015
atoms/cm?. A third layer portion 16 of the second con-
ductivity type (here n-type) is provided in contact with
layer portion 14, and has a doping level of about 1013
atoms/cm’. In operation, a first channel region is
formed in layer portion 16. If should be noted that all of
the layer portions so far described, as well as those to be
described, have substantially the same thickness, as they
are all obtained by appropriate doping of portions of
monocrystalline silicon layer 12. As noted above, the
thickness of this layer may vary from less than 1000
angstroms up to several microns, depending upon the
particular application of the device to be fabricated.

A fourth layer portion 20, having regions of both the
first (p) and the second (n) conductivity types is pro-
vided in contact with the third layer portion, and forms
a common source region for both halves of the comple-
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4
mentary LIGR device. The n-type and p-type regions

of fourth layer portion 20 both have a doping concen-
tration level of about 10!8 atoms/cm3, and are described
in further detail hereinafter in connection with the de-
scription of FIG. 3, which shows a sectional plan view
of fourth layer portion 20.

The second half of the LIGR device shown in FIG.
1, namely that portion of the device starting with the
common source region formed by layer portion 20, is
essentlally a mirror image of the first portion of the
device already described, but with the conductivity
type of each layer portion reversed. Thus, a fifth layer
portion 22 of the first (p) conductivity type is provided
in contact with layer portion 20, with a second channel
region being formed in this layer portion during opera-
tion. The doping concentration level of layer portion 22
is about 1015 atoms/cm3, and again, this layer portion, as
well as the remaining layer portions on the major sur-
face of the insulating substrate, has the same thickness as
the previously-described layers.

A sixth layer portion 24 of the second (n) conductiv-
ity type and having a doping concentration level of
about 1015 atoms/cm3 is provided in contact with fifth
layer portion 22, and forms a second drift region of the
complementary LIGR device during operation.

The portion of the device structure provided in the
monocrystalline silicon layer 12 is completed by sev-
enth layer portion 26, having regions of both the first
(p) and second (n) conductivity types. Layer portion 26
is provided in contact with sixth layer portion 24, and
forms a second drain region of the complementary
LIGR device. The construction of seventh layer por-
tion 26 will be described in further detail hereinafter
with reference to FIG. 4, which is a sectional plan view
of the second drain region.

The device structure is completed by providing an
insulating layer 28 over portions of monocrystalline
silicon layer 12, with insulating layer portions 28a and
280 covering at least third layer portion 16 and fifth
layer portion 22, respectively. First and second gate
electrodes G and G; are then provided on insulating
layer portions 28¢ and 285, respectively, over layer
portions 16 and 22. The device construction is com-
pleted by a source electrode S connected to fourth layer
portion 20, and first and second drain electrodes D1 and
D connected to first layer portion 13 and seventh layer
portion 26, respectively. |

As mentioned above, the layer portions 13 and 26
forming the drain regions of the complementary device,
as well as layer portion 20 forming the common source

region, are composed of a plurality of regions of differ-

ent conductivity types. Sectional plan views of layer
portions 13, 20 and 26 are shown in FIGS. 2, 3 and 4,
respectively. In FIG. 2, it can be seen that layer portion
13 comprises a pair of regions 13a,6 of the second (n)
conductivity type on either side of a region 13c of the
first conductivity type, with the region 13¢ slightly inset
from the regions 13a and 1354. It should be noted that
while a three-region structure is shown in FIG. 2 for
simplicity, region 13 may in fact include a larger num-
ber of such alternating regions. Similarly, layer portion
20 comprises at least one region 20a of the second (n)
conductivity type and one region 205 of the first (p)
conductivity type. Again, layer portion 20, shown here
as having only two regions, may advantageously have
additional regions of alternating conductivity types.
Finally, layer portion 26, shown in FIG. 4, is essentially
a mirror image of the structure shown in FIG. 2, with
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two regions 26a,b of the first (p) conductivity type
surrounding a third inset region 26c¢ of the second con-
ductivity type. As in the case of layer portion 13, layer
portion 26 may consists of further regions of alternating
conductivity types, repeating the pattern shown in FIG.
4. All of the regions of layer portions 13, 20 and 26 are
highly doped, with a doping concentration of about
1018 atoms/cm3. It should be noted that the alternating
conductivity type regions of layer portions 13, 20 and
26 do not present a serious fabrication complication, as
they may be easily formed by a conventional masking
process, as will be recognized by those of ordinary skill
in the art. For a typical device construction, in which
silicon layer 12 has a thickness of about 1 micron, the
inset regions 13¢ and 26¢ of the drain regions 13 and 26
are inset from the adjacent regions (134, b and 26q, b
respectively) be between about 0.5 and 10.0 microns,
with a typical value of about 5 microns. It should be
noted that the “inset” dimension refers to the horizontal
distance by which the right edge of region 13c is dis-
placed to the left of the right edges of regions 13¢ and
135 in FIG. 2, as well as the like horizontal distance by
which the left edge of region 26¢ is displaced to the
right of the left edges of regions 26a and 265 in FIG. 4.
The width of inset regions 13c and 26¢ (i.e. their vertical
dimension in the plan view of FIGS. 2 and 4, respec-
tively) is between about 5 and 50 microns, with a typical
value of about 25 microns.

From an operational viewpoint, the device shown in
FIG. 1 can be considered as two complementary (i.e.
p-channel and n-channel) LIGR devices with a com-
mon source region 20 connecting the two device ele-
ments. The operational advantages of such a device, in
terms of balanced ‘“on’ resistance and ease of fabrica-
tion, are the same as described in my co-pending above-
identified U.S. Patent Application. Additionally, by
providing the active device structure on a substantially
insulating substrate, the additional advantage is
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achieved that undesirable substrate currents are sub-

stantially eliminated, thus enhancing switching charac-
teristics and providing isolation from control circuitry
on the same substrate.

It should be noted that the interdigitated drain struc-
ture of the present invention (see FIGS. 2 and 4), having
both p-type and n-type regions, is analogous to and
serves the same function as the multiple drain regions
20, 202 and 30, 30¢ in FIG. 2 of my above-referenced
co-pending application. Thus, at low current conduc-
tion levels between source and drain, all of the current
will flow to the region of the drain having the same
conductivity type as the remainder of the conductive
path between source and drain. When the current in-
creases sufficiently such that the voltage drop across the
drain regions in the vicinity of the inset at the right-
hand portion of region 13c in FIG. 2 and the left-hand
portion of the region 26¢ in FIG. 4 exceeds 0.7 volts,
then the opposite conductivity type region in the drain,
which forms a p-n junction with its associated drift
region, will become forward biased and will start inject-
ing minority characters.

In the present invention, the source region 20 also has
an interdigitated construction, with at least one p-type
and one n-type region, as shown in FIG. 3, with the
source electrode S shown in FIG. 1 contacting both the
p-type and n-type regions. The n-type region of the
source, in contact with channel region 16, permits for-
mation of a p-channel during operation, while the p-
type region of the source acts as a source of holes to
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flow through the device to the drain. Electrons flowing
from the n-type region of the drain flow through the
n-type channel region and are collected through the
n-type region of source 20. Operation of the right-hand
element of the device, shown in the right-hand portion
of FIG. 1, is analogous, except that the polarities are
reversed.

In summary, the present invention provides a com-
plementary SOI LIGR switching device which can be
easily and inexpensively integrated, and which is capa-
ble of providing two complementary switching devices
having comparable “on’ resistances. Furthermore,
these advantages are achieved without the need for a
source-follower circuit, and in a device in which sub-
strate currents are substantially eliminated.

While the invention has been particularly shown and
described with reference to several preferred embodi-
ments thereof, it will be understood by those skilled in
the art that various changes in form and detail may be
made without departing from the spirit or scope of the

invention.

I claim:

1. A complementary Silicon-On-Insulator (SOI) Lat-

eral Insulated Gate Rectifier (LIGR), which comprises:

a substantially insulating substrate having a major
surface;

a monocrystalline silicon layer on said major surface,
said layer comprising a plurality of adjacent, copla-
nar, doped layer portions;

a first layer portion, having regions of both a first and
a second, opposite conductivity type and forming a
first drain region of said complementary LIGR;

a second layer portion of said first conductivity type
in contact with said first layer portion and compris-
ing a first drift region of said complementary
LIGR;

a third layer portion of said second conductivity type
in contact with said second layer portion and com-
prising a first channel region of said complemen-
tary LIGR;

a fourth layer portion, having regions of both said
first and second conductivity types, in contact with
said third layer portion and forming a common
source region of said complementary LIGR;

a fifth layer portion of said first conductivity type in
contact with said fourth layer portion and compris-
ing a second channel region of said complementary
LIGR;

a sixth layer portion of said second conductivity type
in contact with said fifth layer portion and com-
prising a second drift region of said complementary
LIGR; |

a seventh layer portion, having regions of both said
first and second conductivity types, in contact with
said sixth layer portion and forming a second drain
region of said complementary LIGR;

an insulating layer over portions of said monocrystal-
line silicon layer and covering at least said third
and fifth layer portions;

first and second gate electrodes on said insulating
layer and over said third and fifth layer portions,
respectively;

a source electrode connected to said fourth layer
portion; and

first and second drain electrodes connected to said
first and seventh layer portions, respectively.

2. A complementary SOI LIGR as in claim 1,

wherein said first layer portion comprises at least one
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region of said first conductivity type, with regions of
said second conductivity type on both sides thereof,
each of said first layer portion regions extending in the
lateral direction to contact said second layer portion;

said seventh layer portion comprises at least one region
of said second conductivity type, with regions of said
first conductivity type on both sides thereof, each of

said seventh layer portion regions extending in the lat-
eral direction to contact said sixth layer portion: and
said fourth layer portion comprises at least one region
of said first conductivity type and one region of said
second conductivity type, each of said fourth layer
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portion regions extending in the lateral direction from
said third layer portion to said fifth layer portion.

3. A complementary SOI LIGR as in claim 2,
wherein said at least one region of said first conducting

type of said first layer portion is inset with respect to
said regions of said second conductivity type of said

first layer portion adjacent said first drift region, and
said at least one region of said second conductivity type
of said seventh layer portion is inset with respect to said
regions of said first conductivity type of said seventh

layer portion adjacent said second drift region.
¥ 'k % % %
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